
STAFF SIZE EVOLUTION AT THE SPANISH NUCLEAR POWER PLANTS

M. IBANEZ

XNM00109

Abstract

This paper describes the main characteristics on the Spanish nuclear electricity sector with an
installed capacity of 7580 MW from three different generations, commissioned between 1968 and
1988 and with good plant performance. The analysis of the operation and maintenance cost
contributors, made in this paper, shows that the cost of the personnel (own staff plus permanent
contractors) amount to around the 80 % of the total O&M cost. The paper will describe the evolution
of the staff size for all the Spanish NPPs during the last years. In more detail the experience of Garona
NPP, a single unit BWR 460 MW(e) commissioned in 1971, and Trillo NPP, a single unit PWR
1066 MW(e) commissioned in 1988, will be presented with the evolution of the following parameters:
number of utility employees, number of permanent contractors, O&M costs versus kWh produced.
The evolution of the staffing size is correlated with internal organization improvements, managerial
policies, regulatory requirements, emergent activities, future projects, etc. The paper will include
future reactors considerations that will operate in a competitive environment with other sources of
energy and with a high level safety standards. The strong influence of the personnel in the O&M cost
will mean that actions related to reduce or optimize the plant staff will be based on design,
organizational and regulatory considerations.

1. NUCLEAR ENERGY SECTOR IN SPAIN

In 1957, Nuclenor was created and in 1958 the other of the two first private companies
that were established with the aim of developing nuclear power for electricity generation.
These efforts culminated in July 1968 with the commercial operation of the Spanish first
nuclear power plant: Jose Cabrera, a 160 MW PWR. This reactor was followed by a Garona,
460 MW BWR which initiated its commercial operation in March 1971. One year later, in
May 1972, Vandellos 1 a 500 MW GCR (now in decommissioning) was connected to the
grid.

The main characteristics of these first three units that constitute the first generation of
Spanish nuclear power plants were the following.

- Turnkey projects;
- Use of the different technologies available at the market;
- Reduced contribution of the Spanish industry.

The situation now is completely different, with a solid nuclear sector capable to design,
built, fabricate components and nuclear fuel, operating nine units with a total capacity of
7580 MW that represents the 15% of the total electric installed capacity of Spain.

During 1997 the total electricity production in Spain amounted to 188,803 GW(h). The
nuclear power plants contributed with 55,297 GW(h), around the 29% of the total production
nevertheless the National Load Dispatch Centre requested that the nuclear power plants
operated at reduced load over various periods of time, in order to place in the load curve the
preferential energies due to energy policy reasons.
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Two of the nine units are owned by a single utility. Other six are shared by different
utilities and usually operated by AIE (interest business group) and Garofia by Nuclenor, a
stock company, owned by two utilities with the 50% each one.

The excellent load and operating factors obtained in 1997 which reached an average
83.6% and 88.2%, respectively, maintain the trend of the previous years in relation to safety,
availability and costs.

2. INFLUENCE OF PERSONNEL IN THE O&M COSTS

The Administrators Working Group of the Nuclear Energy Committee of UNESA
publishes once a year a report with the O&M costs of the Spanish NPPs, following the
methodology of the Electric Utility Cost Group (EUCG).

The above mentioned annual report and some plants studies show that in the annual
operating cost structure the influence of the operation and maintenance costs is bigger than the
based on the other two factors, investment and fuel.

The analysis of the contributors to the total operation and maintenance costs, that are
spliced by personnel (own staff and contracted services), materials, insurance, taxes and
others, shows that the contribution, in percentage, of the labour costs (utility personnel and
contractors services), around 80%, has been stable during the last years. This O&M cost
structure does not include the investment, major refurbishment, modifications, etc.

During the last years in the preparation way to the competitive market that entered into
operation 1st January 1998 after the publication of the new regulation for the Electricity Sector
(Law 54/1997 of November 27,1997) a considerable effort has been made to maximise
availability and minimise the cost of the kWh produced. The results obtained represents, in
the period 1993-1997, around 1.3% decrease of costs associated to the utility personnel and
around 33.9% decrease those related to the contracted services, the permanent personnel is
taking over different tasks that used to be contracted.

It is the objective of this paper to go further in the analysis of the cost of each concept it
can be distributed according with the final users inside the plant organization (on or off-site,
operations, maintenance, technical support, chemistry, health physics, security, quality
assurance, etc.) and also in expenses during normal operation and outage periods.

3. EVOLUTION OF THE STAFF SIZE AT GARONA NPP

Garona NPP is a BWR-3 with Mark-I containment type, supplied by General Electric
with a gross electrical capacity of 460 MW(e) in operation since 1971.

The plant is operated by Nuclenor Ltd., a company owned by two electrical utilities,
Endesa (50%) and Iberdrola (50%).

The evolution of the three parameters, energy availability factor, duration of the
refuelling outages and O&M costs versus gross production is clearly positive (see Appendix).

The current organisational chart is shown in the Appendix.

The following table shows the evolution of the Garona NPP personnel.

Own staff/permanent contractors personnel
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Table I Garona NPP work force evolution

1990 1991 1992 1993 1994 1995 1996 1997

384/ 388/ 418/123 391/160 381/171 382/200 387/232 380/182

The 380 employees are located as follows: 74 at the headquarters and 306 at the site.

A long-range staffing plan was developed by the company to anticipate future personnel
needs to support the long-range projects like life extension, R&D, etc., and considering also
losses due to retirement. Garona NPP allocate their manpower to meet changing conditions.

3.1. Working conditions

The current working conditions at Garona NPP are the following:

- 1672 working hours/person, year;
- 38 hours/week;
- 7 operations crew (8 hours/shiff) with;

i) Shift supervisor (SRO License);
ii) Assistant shift supervisor (SRO License);
iii) Reactor operator (RO License);
iv) Turbine operator;
v) Auxiliary operator;

- 1 RP Technician/shift;
- Regulatory requirements;

=> Minimum training for the SRO and RO licensees 240 hours, including:
simulator, every 2 years

=> Emergency plan, on call personnel.
The distribution of the personnel by areas is shown in Table 2.

Table II Garona NPP personnel by areas

Areas
Management and support

services
Tech/Engineering
Operations
Maintenance
Chemistry
RP+Fire-fighting

TOTAL

Own staff
87

52
80
131
12
18
380

Contractors
122

0
0
47
0
13
182

3.2. Contractors management

Garona NPP uses most of the permanent contractors in the following areas: general
support services, maintenance, security and health physics.



4. EVOLUTION OF THE STAFF SIZE AT TRILLO NPP

Trillo NPP is a PWR supplied by Siemens-KWU with a gross electrical capacity of
1066 MW(e) in operation since 1988.

The plant is owned by the electric utilities Iberdrola (48%), Union Electrica-Fenosa
(34.5%), Hidroelectrica del Cantabrico (15.5%) and Nuclenor (2%). "Central Nuclear de
Trillo I" was set up as a busines group in 1993 to manage the plant and the basic company
philosophy was developed during the period 1993/1994 and it is reflected in the corporate
project.

The evolution of the three parameters, energy availability factor, duration of the
refuelling outages and O&M costs versus gross production is clearly positive (see Appendix).

The current organisation was born in 1993 and the organisational chart is based on
clearly defined post activities.

The following table shows the evolution of "Central Nuclear de Trillo I" personnel

Own staff/permanent contractors personnel.

Table 3 Trillo NPP work force evolution

1990 1991 1992 1993 1994 1995 1996 1997

415/373 414/313 411/244 402/240 396/236 392/205 387/181 383/175

The 383 employees are located as follows: 75 at the headquarters and 308 at the site.

The objective for the year 2002 is to run the plant with 450 persons with some support
from the architect/engineer.

4.1. Working conditions

The current working conditions of TRILLO NPP are the following:

- 1760 working hours/person, year;
- 40 hours/week.
- 7 operation crews (8 hours/shift) with:

i) Shift supervisor (SRO License)
ii) 1 Assistant shift supervisor (SRO License)
iii) Reactor operator (RO License)
iv) Turbine operator
v) Auxiliary operators

- 2 Fire-fighting foreman/shift
- Regulatory requirements

=> Minimum training for the SRO and RO licensees 240 hours, including
simulator, every 2 years

=> Emergency Plan, on call personnel,

The distribution of the personnel by areas is shown in Table 4.
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Table 4 Trillo NPP personnel by areas

Areas
Management and
services
Tech/Engineering
Operations

aintenance
Chemistry
RP+Fire-fighting
TOTAL

Own staff
support 85

47
96
117
15
23
383

Contractors
62

21
3
55
2
32
175

During the initial years of operation, the shift crew was supported by maintenance
(mechanical, electrical and I&C) and chemistry personnel working on the same closed shift.
One of the plant objectives is to reduce the number of shift to 6.

In relation with maintaining the plant, an Integrated Maintenance and Warehouse
Management System was established since the start-up. To increase the efficiency of the
maintenance and reduce cost two ways have been chosen: simplification of management
(minor maintenance, productive maintenance) and optimizations (condition-based
maintenance plan).

During the last years many resources have been applied to the operating Experience and
Systems Analysis project (design, documentary review and verification of operating results).

4.2. Contractors management

The policy of Trillo NPP in relation with the use of permanent contractors is the
following:

- Acceptance of the maximum number of tasks for performance by the plant personnel;
- Promotion of job versatility among the plant personnel;
- Dedication of plant personnel to tasks of maximum added value and related to safety

systems;
- Integration of the contractors into the Plant organisation;
- Ultimate responsibility for the work within the Plant organization.

Most of the contractors personnel are performing support functions in the following
areas: maintenance, security, housekeeping, radiological protection, etc.

5. FUTURE CONSIDERATIONS

The new nuclear power plants will operate in a competitive frame with other sources of
energy and with a challenge for maintaining or increasing current safety standards and
reducing the operation and maintenance costs.

Several actions can be mentioned to take in place to survive in the new environment,
some of them are the following.

- Keep the plants operating safely;
- Reduce O&M costs;
- Monitor and correct declining performance;
- Keep positive relationship with the regulators.
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Considering the different actions associated to reduce the O&M cost, the reduction or
optimisation of the plant staff is the most significative and it is based in the following
considerations:

Design considerations:

- standardisation;
- number of safety trains;
- process reengineering;
- simplification;
- digital I&C systems;
- on-line testing;
- built-in diagnostics, etc.,

Organizational considerations:

- flat organisation chart;
- use of cross-trained personnel;
- reduced off-site/headquarters staff;
- re-assessment of work practices;
- emergency plan.

Regulatory considerations:

- simplified regulatory process;
- training requirements;
- stable regulatory burdens;
- number of inspections/year;
- use of the PSA.

If we consider the advance, passive, evolutionary reactors now available on the market
and the associated studies it is possible to set a compact ideal organisational chart, as shown
in Figure 1, where the core is the station manager and various department managers. Position
descriptions should clearly define the authorities, responsibilities, interfaces with the corporate
organization and the nuclear safety review committee, and qualifications for each position or
position category within the station organization.

The staff requirements for the mentioned chart are related not only with the design,
organisational and regulatory considerations, they are also influenced by the following:

type and size of the reactor;
site environment;
technological development of the country;
engineering capabilities;
labour regulations/unions.

For a single unit the off-site support best-estimate requirements are evaluated between
25 and 50 persons, the on-site staffing levels vary between 300 and 400 persons. The lowest
number are associated to passive medium size reactors.

Some Institutions, taking in consideration the past experience and the deviation from the
best-estimate situations, mentioned that a normal staff needs for a modern medium size
reactor could be less than 400 persons, where the operations organisation has the highest
degree of uncertainty and the maintenance staff is lower than in the current units, but in any
case it should be possible to run a plant with an excellent level of performance with a staffing
ratio in the range of 0.5 to 0.6 workers per megawatt at single-unit stations.
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